According to the World Health Organization (WHO), 1.24 million people die annually on the world's roads, with 20-50 million sustaining nonfatal injuries. More than 85% (1.05 million) of the global deaths due to injuries occur in the developing world. Road traffic deaths and injuries are a major but neglected public health challenge that requires concerted efforts for effective and sustainable prevention. The objectives of the study were to estimate the incidence rate of death from RTAs, to determine factors associated with serious and fatal Road Traffic Accidents (RTAs) and to determine which of the poisson models fit the count data better.
INTRODUCTION
The World Health Organization (WHO) defines a Road Traffic Accident (RTA) as a collision involving at least one of the major causes of deaths, injuries and disabilities globally. According to WHO, the epidemic of road traffic injuries is increasing in most regions of the world [2] . In fact, it has a great impact on the Disability-adjusted Life Years (DALYs). As a result, it is now a public health problem, particularly in developing countries. A DALY is a measure of overall disease burden, expressed as the number of years lost due to ill-health, disability or early death [2] .
The WHO reports that about 1.24 million people die annually on the world's roads, with 20-50 million sustaining non-fatal injuries [2] . Globally, road traffic injuries are reported as the leading cause of death among young people aged 15-29 years and are among the top three causes of mortality among people aged 15-44 years [3] . More than 85% (1.02 million out of 1.24 million deaths) of the global deaths due to injuries occur in the developing world, consuming substantial health sector resources [4] . Further, road traffic deaths and injuries are a major but neglected public health challenge that requires concerted efforts for effective and sustainable prevention as the people dying on the roads keep increasing worldwide. The increased burden from road traffic injuries and deaths is partly due to economic development, which has led to an increased number of vehicles on the road [4] .
The dynamic nature of this multi-causal phenomenon affects victims to different degrees depending on the type of accident (run over pedestrian, motorbike accident or another type of accident involving a vehicle or motorbike) and demographic characteristics (sex, age, skin colour, marital status and level of education) [5, 6] . There are several factors that contribute to the occurrence of a RTA. Factors that contribute to accidents among others are socio-demographic factors such as the age of the driver and the sex of the driver. The vehicle condition also contributes to these accidents because a vehicle which is not roadworthy is prone to accidents. Driving under the influence of alcohol is also one factor that has been documented. There is also an appreciation that inclement weather is associated with more hazardous driving conditions. Various studies show that precipitation in the form of rainfall and snowfall generally results in more accidents [7, 8] . Another study [9] supports these findings and added that causes of RTAs' among others include human or driver errors, vehicle characteristics, traffic infrastructures including engineering design, road maintenance and traffic regulation. Driver attitude including road courtesy and behaviour, driving under the influence of drugs especially alcohol, male sex, use of seat belts, driver age (teenage drivers and elderly drivers), are among the recognised human factors [10] . Another study [11] looked at urban RTA risks for the city of Zagreb, Croatia, from 1999 through 2000. The accidents were analysed with the aim of reducing the increasing injury incidence and results indicated that more fatal accidents occurred during night hours, on urban road links, and at exceeding the speed limit.
In estimating the incidence rate [12] , examined the effect of age on driver performance and safety in professional heavy vehicle drivers. In their study, they modelled the incidence rate ratios involving male drivers of rigid trucks 45-54 year olds compared to those older than 65 years old, results showed that older drivers 65 years of age and older were significantly less likely to have a crash. For drivers in the 55-64 age group there was no difference between their crash rate and their younger peers.
Globally, Zambia is ranked 29 th in the world in RTAs and has a death rate of 26.51 per 100, 000 people [2] . Statistics from Zambia Police [13] indicate that Road deaths in Zambia have increased by 85% between 2012 and 2014 from 1,000 to 1,858 respectively. Despite the growing body of literature on factors (for example., socio-economic and demographic factors, road way geometric and environmental characteristics along with human behaviours) that are associated with RTAs on highways in other countries, to our knowledge, there have been no appropriate modelling techniques employed to estimate the incidence rate of death from RTAs and identification of factors associated with RTAs on the Great North Road (GNR) highway from Lusaka to Kapiri-Mposhi in Zambia.
Statistical techniques known and applied to model these scenarios are limited to basic statistics such as linear and Poisson regression that do not account for over dispersion. Further, Road Traffic Accident data violates most of the assumptions that standard Poisson regression models is based. Appropriate extensions of this model, even though available, are rarely used by most applied statisticians. For modelling approaches in count data, several studies have used different models in different scenarios, in this regard [14] studied the relationship between highway geometric factors and truck accidents in Virginia using both linear and Poisson regression models. In comparing these regression models, they concluded that linear regression techniques used in their research did not describe the relationship between truck accidents and the independent variables adequately but that the Poisson models did. In addition to this, recent research has shown that the NB model can be significantly affected by datasets characterized by a heavy tail [15] .
The main objective of this study was to apply Poisson models in estimating the incidence rate of death from RTAs and to identify factors associated with death from RTAs. In modelling the number of deaths associated with RTAs and other factors on the GNR between the years 2010 and 2016 using Poisson models, the study also determined which of the models fitted the data on RTAs better. This work therefore utilizes a series of Poisson models which include among others the Poisson model, Negative Binomial (NB), Zero-Truncated Poisson (ZTP), the Zero-Truncated Negative Binomial (ZTNB) model to analyse the impacts of various explanatory variables on daily serious and fatal crash frequencies on GNR over a seven-year period (2010) (2011) (2012) (2013) (2014) (2015) (2016) in Zambia. Findings of this study may assist policy makers to know and understand the areas they need to focus on in order to enhance the planning and evaluation of policies in the transport sector to prevent deaths from RTAs and to improve in the transport system in Zambia. The study will also help other researchers dealing with count outcomes to know when best to apply these models. 
METHODS AND MATERIALS

Study Design
The study design was a cross sectional study in which secondary data was used to model the number of deaths associated with road traffic accidents on the great north road between the years 2010 and 2016.
Study Site
The study used secondary data on RTAs that had occurred between Lusaka and Kapiri-Mposhi highway. This data was obtained from Zambia Police traffic section at four police stations along the GNR road these include Emmasdale, Matero, Kabangwe, Chisamba, Prospect, Kasanda and Kapiri-Mposhi Police stations. The total distance from Lusaka to KapiriMposhi is approximately 200.8 kilometres. This study site was selected due to the high number of deaths from accidents that have been recorded. The stretch on the GNR under study is a single carriageway, approximately 204 kilometres and was divided into five stretches (Fig. 1) , this was done so as to determine which stretch of the road had a higher/lower incident rate of death as compared to other stretches. The five stretches are Lusaka to Katuba, Katuba to Landless corner, Landless corner to ZNS, ZNS to Mulungushi and Mulungushi to KapiriMposhi. The five stretches are not of equal distances as these mainly depended on the coverage of these different Police stations where the data was collected.
Study Variables
The outcome variable in this study was the number of deaths. It is a count because a number of deaths are nonnegative and they take whole numbers only. The explanatory variables in the study included sociodemographic factors, such as age and gender of driver. Other variables included time of accident, quarter of the year, vehicle type, cause of the accident and stretch of the road where an accident occurred. For the purposes of this study, the cause of accident in this paper refers to the fault that gave rise to a particular accident.
Sampling and Sample Size
The minimum sample size was calculated using the prevalence formula.
Where; n=sample size, z= (1.96), d=degree of error (0.05), P= Proportion (0.5). This gave a sample size of 384.16 deaths which is approximately 385 deaths. In this study, all fatal and serious RTAs that had occurred on this stretch between the years 2010 to 2016 along the GNR (Lusaka to Kapiri-Mposhi) were considered, as a result, we had a sample size of 1, 023. This large sample size will in turn increase the power of the study to detect the size effect.
Statistical Methods
The outcome variable being the number of deaths is a count variable. The aim of regression analysis in such instances is to model the dependent variable (deaths) as the estimate of outcome using some or all of the explanatory variables (in mathematical terminology estimating the outcome as a function of some explanatory variables). In this instance, the Poisson distribution (rather than the Normal) is more appropriate since the Poisson mean is always greater than or equal zero. The normal mean can be less than zero. One of the main assumptions of the Poisson model is that the mean should be equal to the variance. However, other Poisson models which do not have the assumption of the mean being equal to the variance such as the NB, ZTP and the ZTNB were also explored so as to select the best fit model. The zero truncated models were explored in this case because there were very few accidents which had no deaths, hence the data generating process naturally truncated zero counts.
Descriptive statistical analysis was done to estimate the counts, giving frequencies and percentages. Many of the 
RESULTS
Due to the presence of overdispersion in the data (Variance greater than the mean), the NB model was favoured over the Poisson model. The equi-dispersion of crash data is unlikely to be truly observed, as crash-frequency data are typically overdispersed. Unobserved dispersion arises when the covariates are not fully capable of capturing the heterogeneity across the cities in the country [16] . In addition to the overdispersion of the outcome variable, the number of zeroes in the data was very minimal as most of the accidents were fatal, this is another problem often faced with count data and a more robust model such as the ZTNB model was employed. Table 1 gives the characteristics of the accidents that were analysed.
Descriptive Statistics
A total of 1,023 RTAs were analysed in which 1, 212 people died, 7% (82/1, 212) Juveniles and 93% (1,130/1, 212) adults. Accidents that happened as a result of pedestrians crossing the road accounted for 30% (310/1,023) and 29% (295/1,023) of the RTAs were as a result of driver's excessive speed. The mean age of the drivers was 37 years and standard deviation of 9.7 with minimum age 15 years and maximum of 76 years. The mean deaths were 1.2 and variance was 4.6 (variance>mean, overdispersion, Poisson cannot be used). The distribution of deaths over the years is given in the bar chat (Fig. 2) . 
Model Explorations
In order to model these traffic deaths there is need for a careful selection of one or more models that may provide a good description of the traffic type, estimation of parameters such as mean and variance for the selected models and statistical testing for selection of one of the considered models and analysis of its suitability to describe the traffic type under analysis.
Since RTAs are non-negative integers, and random event count, the distribution of such events follow a Poisson distribution. The methodologies to model accident counts are well developed. Since in this study the variance was greater than the mean, resulting in over-dispersion, the negative binomial was used we therefore applied a Negative Binomial (NB) regression model which is a Poisson-gamma mixture [17 -19] . In our data the numbers of zeros were very minimal as most of the accidents had at least one person dying. Due to this, we applied the Zero-Truncated Poisson and the Zero Truncated Negative binomials. The results from these models were compared to select the best fit model for this data using Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC). The ZTNB was the best fit model which gave the lowest values of AIC and BIC. The two competing models were the ZTP and the ZTNB. The ZTP had AIC=1304.55, BIC= 1336.55 whereas the ZTNB had AIC=742.25 and BIC=819.69. This indicated that the ZTNB with the lower AIC and BIC was the best fit model for the data. (Table 2) shows the results from the best fit Model ZTNB. 
Socio-demographic and Social-economic Factors
The social demographic factors that were considered in this study included age of the driver, sex of the driver and a dummy variable adults (1=adult, 0=Juvenile) whereas the accident related factors included quarter of the year the accident happened, time of accident, vehicle type, cause of accident and stretch of the road. The description of each of these factors is given in the next sub-section.
Age of Driver
Due to the missing data problem encountered as a result of hit and run by the drivers in this study, the complete case analysis that was used had 800 drivers information. The mean age of the drivers was 37 years, standard deviation of 9.7, minimum age 15 years and maximum age of 76 years. Fr the age variable, we found no evidence of an association between the age of a driver and having a serious or fatal crash that will lead to injury or death (IRR=1.01, 95% CI=0.99, 1.03), pvalue=0.358. The sex of the driver is a crucial variable in the analysis of Road traffic crashes.
Quarter of the Year
The accidents in the study were evenly distributed throughout the year, 27.1 percent (277) of the accidents happened in the third quarter (July-Sept). In the fourth quarter, there were 25.8 percent happened in this particular quarter (October to December). Further, 251 (24.5%) accidents out of 1, 023 happened in the first quarter of the year (January to March). However for the inferential statistics, the quarter of the year in this study did not contribute in the final model.
Sex of Driver
A total of 830 drivers whose information on sex was available was abstracted of which, 803 (96.7%) were male drivers and 27 (3.30%) were female drivers. Due to the fact that these are deaths on the spot, there were instances where the sex of the driver was indicated for a particular RTA but the age of the driver for the same RTA was not indicated. This is because it is easy to identify the sex of the deceased (especially in cases where the driver dies) individual unlike knowing the age of the deceased. As a result of this, we had more observations with the sex of the driver (830) than observations with age of driver (800). The sex of the driver is a crucial variable in the analysis of Road traffic crashes. Results from this study indicated an increase rate of death if one is a male driver compared to female driver (IRR=9.57, 95% CI=0.96-95.46) with borderline evidence, p-value=0.054.
Time of Accident
Time of the accident in this study was categorised as Early morning, Morning, Afternoon and Night (between AM and 6AM, between 7AM and 12PM, between 1PM and 6PM and between 7PM and 12AM) respectively. With this time of the accident variable, 403 out of 1,021 (39.50%) of the accidents happened in the night between 7PM and 12AM, 29.4% (300/1021) of the accidents happened in the afternoon between 1PM and 6PM, 15.8% (161/1,021) happened in the early morning (1AM-6AM) and 15.4% (157/1,021) happened in the morning (7AM-12PM). Results further showed that driving in the early hours of the day (between 1AM and 6AM) was significantly associated with a high incidence rate of death (IRR=2.1, 95% CI=1.01-4.41), adjusting for all other variables in the model.
Cause of Accident
The cause of the accident in this paper refers to the fault that gave rise to a particular accident. This cause of accident included pedestrians crossing the road inappropriately, excessive speed/overtaking inappropriately by the driver, cutting in or Failure To Keep Near Side (FTKNS), unlicensed or inexperienced driver and unknown causes or cause not traced due to hit and run cases. The majority of these accidents were as a result of pedestrians crossing the road inappropriately which were at 30.30% (310/1,023). Road Traffic Accidents that were as a result of Excessive speed and overtaking inappropriately accounted for 28.84% (295/1023). Results indicated that there was a statistically significant reduction in the incidence rate of death from RTAs for pedestrians crossing road compared to excessive speed (IRR=0.04, CI=0.01-0.12), p-value<0.0001. There was also a reduced incidence of death from a RTA from cutting in or FTKNS compared to excessive speed (IRR=0.17, CI=0.07-0.42). This finding was statistically significant, p-value<0.0001.
Stretch of the Great North Road (GNR)
The stretch on the GNR under study is 200.8 kilometres and was divided into five stretches (Fig. 1) , this was done so as to determine which stretch of the road had a higher/lower incidence rate as compared to others. The five stretches are Lusaka to Katuba, Katuba to Landless corner, Landless corner to ZNS, ZNS to Mulungushi and Mulungushi to KapiriMposhi. The five stretches are not of equal distances as these mainly depended on the coverage of these different Police stations where the data was collected. The greater number of the accidents (39.20%) (401/1,023) occurred on the stretch between Mulungushi University and Kapiri-Mposhi with the fewest (8.50%), (87/1,023) being between Katuba and Landless corner ( Table 1 ). The study further found an increased incidence of death if one is driving between Katuba and Landless corner compared to driving between Lusaka and Katuba (IRR=4.41, CI=1.39-14.01) and this was statistically significant p-value 0.012. The results also revealed that there was an increased incidence of death between Landless corner and ZNS as compared to driving between Lusaka and Katuba (IRR=9.06, CI=3.29-24.62) p-value<0.0001. There was also over five times increase in the incidence of death if one is driving between Mulungushi University and Kapiri-Mposhi compared to one driving between Lusaka and Katuba (IRR=5.73, CI=2.23-14.73), p-value<0.0001.
Mode of Transport
The common mode of transport on this road was private, trucks and public transport. Out of all the accidents that happened in this period, the majority 466 out of 858 (54.31%) involved Private transport whereas trucks accounted for 30.30%, (310/858). Results from the best fit model (ZTNB) revealed that public transport as compared to private transport had an increased incidence of death from RTAs (IRR=5.65, 95% CI=2.97-10.73), p-value<0.0001.
DISCUSSION
The incidence rate of death from RTAs was estimated in this study and factors that were associated with an increased incidence rate of death were male sex of the driver, driving in the early hours of the day, using public transport and trucks. Other factors that were associated with an increase in the incidence rate of death from RTAs included the stretch between Katuba and landless corner, Landless corner to ZNS, ZNS to Mulungushi University and Mulungushi University to Kapiri-Mposhi as compared to Lusaka to Katuba.
It has been shown in this study that the number of deaths on this stretch of the road (GNR) has been increasing over time from 2010 to 2016. One of the studies [20] has documented a high likelihood of younger drivers being involved in RTAs and this study found that young people were at a high risk of Road Traffic Injuries among car and motorcycle users, while among bicycle and public transport users, the risk was greater in older people. However in this study, there was no evidence of an association between the driver's age and the incidence of death from RTAs.
The sex of the driver is a crucial variable in the analysis of Road traffic accidents. Results from this study indicated an increase rate of death if one is a male driver compared to female driver. This finding is with borderline statistical evidence and we cannot rule out chance finding, further the wide confidence interval is an indication that this finding is not very reliable. On the other hand, this finding established here regarding greater risk of serious and fatal injuries in males is consistent with other studies that used travel time [21] and found that males compared to females were more likely to be involved in road traffic accidents.
Driving in the early hours of the day (between 1 AM and 6 AM) as compared to driving in the night (7PM-12AM) had a significant increase in the incidence rate of death from RTAs adjusting for all other variables in the model. This increase in the incidence at these hours could be due to driver's fatigue or excessive speed as there is less traffic in the early hours of the day. Contrary to what has been found in this study, a study by [22] in which they grouped the time as daylight and night found greater risk of injury for drivers traveling during daylight hours more than those driving at night.
The study found an increased incidence rate of death if one is driving between Katuba and Landless corner compared to driving between Lusaka and Katuba. The results also revealed that there was an increased incident of death between Landless corner and ZNS as compared to driving between Lusaka and Katuba. This increase in the incidence of death on this stretch could be as a result of the curvature, a blind spot as the road is not straight on this particular stretch. Several other studies have analysed these accident-prone road sections [23] , considered one of the basic steps to reduce road accident rates. In this direction, several methods to identify blackspots have been proposed which include accident frequency method; accident rate methods; quality control method; empirical Bayesian method; and many more [24 -28] . Further, Geographical Information Systems (GIS) have been incorporated in the analysis of blackspots [23] the effectiveness of blackspot programs has been evaluated in different countries [29, 30] and it still remains as an active field of research. Further research is needed in Zambia on these blackspots especially on the highway roads.
Results also revealed that Public transport compared to private transport had an increased incidence of death from RTAs, this finding was statistically significant. Similar Studies done in developing countries also show that public (that is, bus/minibus) transport has serious safety concerns as a result of frequent involvement in severe accidents [31] . In these countries, bus/minibus accidents are rampant with alarming consequences [32, 33] . This could have been due to the fact that private vehicle owners tend to be more careful on the roads as compared to bus drivers as the later drive long distances and are fatigued hence they are prone to have a crash. This finding is important to influence government policy so as to limit the number of kilometres as well as the number of hours a public vehicle driver can handle in a day to reduce on numbers of RTAs. The study further showed that the ZTNB fits the fatal and serious accident data well as compared to the ZTP, NB and poisson models. This finding is in agreement with findings from [34] where the ZTNB model when applied to total number of vehicles involved in the accident and the number of casualties in a particular accident, ZTNB was found to be the best fit model compared to other models.
CONCLUSION
The study showed that there was an increased incidence of death if the driver is male, driving in the early hours (1AM-6AM) of the day and using public transport. There is also an increased incidence of death if one is driving between landless corner and ZNS compared to driving between Lusaka and Katuba. The study further revealed that the ZTNB is the best fit model for data in which there are few zeros as is the case with serious and fatal RTAs. The majority of these accidents on this particular stretch happen as a result of human error which include excessive speed, FTKNS to mention but a few.
RECOMMENDATIONS
From the findings of this study, expansion of highways like GNR is highly recommended as the number of vehicles in the country has been increasing while the roads have remained the same. As a result of this, there is heavy traffic on this stretch especially on peak hours and inpatient drivers tend to overtake unnecessarily especially on blind spots and this lead to RTAs. This high number of RTAs could be due to lack of enough pedestrian crossing on this highway especially in built-up areas like Chibombo and Kabangwe areas. There is a need for massive sensitization to citizens especially pedestrians as most of these deaths are as a result of pedestrians crossing the road inappropriately. There is a need for the Road development Agency to put speed humps especially in built-up areas, such as Chibombo and Kabangwe areas. The government needs to limit drivers on the number of kilometres one can drive per day as driving more kilometres result in RTAs.
LIMITATIONS OF THE STUDY
The study had limitations as the data used was collected for different purposes and not specifically to answer our research questions. As a result of this, problems encountered included having inaccurate/missing data on the observations and some vital variables such as drinking of alcohol/use of drugs while driving and use of hand held mobile phones whilst driving. Administrative data, which is not originally collected for research, were not available in the usual research formats and in this case the variables to consider were limited to the variables that were found and as recorded by the ZP traffic division. Despite these limitations, the study sample was large enough to make inferences and also considering the years of these accidents, a good number accidents for different periods/times were captured in this study. Statistical theory suggests that the larger the sample, the more reliable the estimates are going to be with respect to the population where the data arises from. Hence we used this principle in analysing a larger sample than the minimum sample size calculation suggested. The methodologies that were employed in this study were robust methods and are appropriate methods for modelling count data. 
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